Understanding all watershed systems and their interactions is a complex, but critical, undertaking when 39 developing practices designed to reduce topsoil loss and chemical/nutrient transport from agricultural fields. 
INTRODUCTION

58
Targeting where to place conservation practices to reduce pollutants loads in large watershed systems involves 59 knowing what the problem is (type and location of non-point sediment sources) and the effectiveness of one or a 60 series of practices in controlling erosion or reducing sediment loads. The utilization of vegetative filter strips in 61 agricultural fields has long been recognized as an effective conservation practice designed to control the amount of 62 sediment and chemicals transported from croplands into streams, lakes, and other water bodies. This recognition is 63 the result of numerous studies in laboratory, research plots, and field experiments; as documented by multiple 64 authors in detailed literature reviews of a large number of research investigations assessing and quantifying the 65 Fox et al., 2013) . In addition to the scientific community, conservationists and producers have also 67 acknowledged the importance of vegetative filter strips (Petchenik, 1999) . These vegetative zones are primarily 68 designed to reduce flow velocity using various physical mechanisms such as ponding of overland flow at the 69 upstream edge, dispersing the flow, and increasing surface roughness with above-ground vegetation. The reduced 70 flow velocity promotes overland flow infiltration, rainfall filtration, and sediment deposition; all of which yield 71 reduced amounts of sediment, nutrients, and pesticides exiting the system (Dillaha et al., 1989) . However, the 72 efficiency of vegetative filter strips is dependent on a complex interaction between the vegetative filter strip width 73 perpendicular to the flow, the vegetation type, local terrain slope, soil type, and surface/subsurface flow conditions 74 (Liu et al., 2008) . Out of these parameters, buffer width, vegetation type, local topography, and surface flow 75 characteristics have been recognized as the main parameters controlling their effectiveness (Halley, 2002) and have 76 been adopted by modeling algorithms due to the availability of information for their estimation. These parameters 77 are used to calculate the sediment trapping efficiency (TE), which is defined by the ratio of the mass flowing into the 78 buffer and the mass flowing out the buffer zone (Dabney et al, 1995) . 
MATERIAL AND METHODS
171
Development of Riparian BufferUtilization of GIS capabilities to characterize riparian buffers 172
The scale gap between buffer models and watershed models is addressed by utilizing AnnAGNPS buffer 173 (AGBUF) GIS technology designed to generate sediment trapping efficiency values for each individual AnnAGNPS 174 cell and AnnAGNPS reach in the watershed influenced by riparian buffer zones (a GIS layer describing the 175 geographical extent of the riparian vegetation). The proposed methodology is subdivided into two distinct methods: 176 one for AnnAGNPS cells and another for AnnAGNPS reaches (see dashed line boxes in Figure 2) . 177
Three GIS inputs are required for both methods: riparian zone spatial extent, land use land cover (layer with 178 vegetation type information), and Digital Elevation Model (DEM). The DEM is initially processed using the 179 TOPAGNPS computer program, a sub-set of the topographic parameterization (TOPAZ) computer program 180 (Garbrecht and Martz, 1996, 1997) In these equations, is the effective buffer width, which is estimated by the concentrated flow path length. In 216 the case of grass-type vegetation, the average slope of the concentrated flow path is used to determine which 217 trapping efficiency model is employed. 218
Any flow originating within the riparian zone is defined as having a local sediment trapping efficiency (LTE) of 219 one, since the assumption is that sediment is not detached and transported from within the riparian buffer zone. In 220 the AnnAGNPS cell described, eleven concentrated flow paths originating within the riparian buffer zone are 221 identified (diamonds in Figure 4A ) and associated with points of concentrated flow 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 16 222 ( Figure 3) . 223
Although the profiles representing the concentrated flow paths originated within the riparian zone are assumed to 224 have a LTE of 1, they represent only a small fraction of the total flow generated by the AnnAGNPS cell. The effect 225 of these concentrated flow paths needs to be reflected in the overall AnnAGNPS cell overall trapping efficiency. 226 Therefore, the contributions of all individual flow paths originating within the riparian buffer zone are scaled using 227 the drainage areas of the most downstream raster grid cell each flow path and the total AnnAGNPS cell drainage 228 area (box 4 Figure 2) . Downstream edge grid cells with flow originating within the buffer zone are identified 229 (diamonds in Figure 4 ) and their contribution to the overall AnnAGNPS TE is determined using: 230 Figure 6B ). 292
If a reach raster grid cell is located within the buffer zone and is receiving flow from upstream while flowing 293 outside the buffer zone, the grid cell is classified as both an upstream and downstream edge cell (hexagonal in 294 Figure 6C ). 295
Differently from the AnnAGNPS cell-based approach previously described, in the AnnAGNPS reach-based 296 approach the user-provided drainage area threshold is not used. Information on peak discharge and channel 297 geometry parameters are utilized internally by the AnnAGNPS model to determine the reduction of the vegetative 298 buffer efficiency when high-energy flows are present, also referred to as short circuits. In addition, while in the 299
AnnAGNPS cell-based approach the AGNPS riparian buffer component reports one value of trapping efficiency, 300 buffer width, and slope for each AnnAGNPS cell, the AnnAGNPS reach-based approach of AGBUF reports these 301 parameters for each riparian buffer that the AnnAGNPS reach passes through. In other words, for the case of 302 multiple buffer zones along an AnnAGNPS reach, individual parameters for each buffer zone are reported. The 303 justification for this approach is that buffer zones located in AnnAGNPS reaches are in series and therefore the 304 outcome of one influences the performance of another located downstream. The AnnAGNPS model also performs 305 these interactions between multiple buffer zones located within the same AnnAGNPS reach internally. 306
EXAMPLE OF WATERSHED APPLICATION
307
WATERSHED DESCRIPTION 308
The AnnAGNPS results indicated an 87% sediment load reduction with a small reduction in productive area could be 388 achieved. This is an obvious impact from the buffer width as predicted by the buffer models utilized at each 389 concentrated flow path. Additionally, small differences were reported between the two predominant vegetation 390 types considered, grass and forest (Table 5) . 391
The simulated effect of the different land cover types was more pronounced when comparing sediment load 392 amounts from ephemeral gully sources ( Figure 12B ). In the study site, two gully initiation points were considered 393 (Figure 8 ). With the scenario of no riparian zone, both gully initiation points (also referred to as gully headcut 394 locations) significantly eroded since the riparian buffer vegetation was not present at their initiation point to prevent 395 the growth of the gully. The simulation results indicate that the existing downstream riparian vegetation trapped 396 87% of sediments produced by ephemeral gullies. In the two scenarios that considered existing and managed 397 riparian zones, one of the gully headcuts was spatially located within the riparian zone, and therefore the gully 398 components within the AnnAGNPS model would not be used to predict any gully evolution in terms of headcut 399 migration, incision, and sidewall expansion. The second (upstream) gully headcut was estimated to have no effect 400 on sediment production because this flow path was estimated to have a local trapping efficiency of 100%. (buffer models), as they were expressed using power functions, which tend to produce a constant effect beyond 413 certain width values. 414 Sediment load estimates from ephemeral gullies were the same for riparian zones of 10, 20, and 40 meters, where 415 the 5 meter riparian zone width produced minimal sediment ( Figure 13B ). The downstream ephemeral gully 416 initiation point was located within the riparian zone and did not evolve for either of the 10, 20, and 40 meters width 417 scenarios. While the upstream gully initiation point was spatially located outside of the riparian zone for the 20 418 meters width scenario, all sediment produced was trapped in the downstream vegetative buffer. In the 40 meters 419 width scenario, both gully initiation points were located within the riparian zone and they did not evolve. Although, 420 the AnnAGNPS model still produced a small amount of sediment load resulting from suspended eroded clay 421 particles. Ephemeral gully contribution to sediment production was higher at the 5 meters width scenario in which 422 both gully initiation points were located outside of the riparian zone and therefore predicted to fully evolve. Thus, 423 the ephemeral gully sources had a greater impact on total sediment load ( Figure 13B -C and Table 6 ). 424
Effects of Concentrated Flow Through Riparian Zone on Sediment Loads 425
Evaluating the effect of concentrated flow paths within riparian filter strips required identifying individual 426 concentrated flow paths that have high levels of stream power energy and therefore would significantly reduce the 427 capability of the riparian filter strip to retain sediment generated upstream. The drainage area threshold values 428 considered were 50, 250, 1,000, 2,000, and 5,000 m 2 for forest conditions in the existing riparian zone and grass for 429 the managed riparian zone (Figure 8 ). The use of drainage area threshold is intended to capture and simulate high-430 energy flows that limit the ability of the riparian filter strip to slow and to spread the surface flow. Using small 431 threshold values result in more concentrated flow paths being considered as "short circuits" and having no effect in 432 reducing sediment loads ( Figure 14A ). An important consideration is that all scenarios in this evaluation had the 433 same spatial extent (riparian zone widths were the same), but produced significant differences in sediment trapping The effect of short circuits was more pronounced for sediment loads generated from ephemeral gully erosion 441 ( Figure 14B ). In the scenario that no drainage area threshold was utilized, (blue line in Figure 14B ), most of the 442 sediment was either not produced (gully does not form) or was trapped by the riparian filter strip and only small 443 amounts of sediment were transported to the reach in the form of diluted clay. With the introduction of the threshold 444 values, the concentrated flow path where both gully initiation points were located was considered a short circuit and 445 therefore all sediment produced by these gullies was estimated as being transported into the reach. The effect of 446 these short circuits was highlighted when comparing sediment loads from simulation scenarios with and without 447 riparian vegetation and varying drainage area threshold values ( Figure 13C and Table 7) . 448 Furthermore, in these studies, GIS layers with the riparian zone extent and vegetation type (land cover map) were 482 used. These layers were generated from digitization of such information from multiple years of high resolution 483 aerial photograph datasets. This requires tedious and time consuming efforts, especially for large watersheds. The 484 development of technology needed is anticipated to derive this information in a semi-automated way from remotely 485 sensed sources such as high-resolution satellite imagery or LiDAR data. 486
SUMMARY AND CONCLUSIONS
Finally, the utilization of vegetative filter strips is considered an important, effective and efficient conservation 487 practice that has been shown to protect ecosystem services at field-scales, but their full impact on the watershed-488 scale is still subject to ongoing research. The AGBUF technology developed within AGNPS provides researchers 489 and watershed conservation managers the capability to evaluate the placement of conservation practices, track the 490 loads to their source, and assess their system-wide efficiency on improving water quality and ecosystem services. Figure 4 ). n/a n/a n/a n/a * average annual sediment load from all sources ratio between each AnnAGNPS simulation scenario and AnnAGNPS simulation with no riparian vegetation. 666 667 668 
